Changes in the distance between carina and orotracheal tube during open or videolaparoscopic bariatric surgery  by de Figueiredo Locks, Giovani et al.
Rev Bras Anestesiol. 2015;65(5):353--358
REVISTA
BRASILEIRA  DE
ANESTESIOLOGIA Ofﬁcial  Publication  of the  Brazilian  Society  of  Anesthesiologywww.sba.com.br
SCIENTIFIC ARTICLE
Changes  in the distance  between  carina  and  orotracheal  tube
during open  or  videolaparoscopic  bariatric  surgery
Giovani de Figueiredo Locksa,∗, Maria Cristina Simões de Almeidaa,
Maurício Sperotto Cecconb, Karen Adriana Campos Pastórioa
a Universidade  Federal  de  Santa  Catarina  (UFSC),  Florianópolis,  SC,  Brazil
b Ultralitho  Centro  Médico,  Florianópolis,  SC,  Brazil
Received  14  December  2012;  accepted  1  March  2013
Available  online  3  April  2014
KEYWORDS
Endotracheal  intuba-
tion/complications;
Obesity;
Bariatric  surgery;
Pneumoperitoneum;
Laparotomy
Abstract
Objective:  To  examine  whether  there  are  changes  in  the  distance  between  the  orotracheal  tube
and carina  induced  by  orthostatic  retractor  placement  or  by  pneumoperitoneum  insufﬂation  in
obese patients  undergoing  gastroplasty.
Methods:  60  patients  undergoing  bariatric  surgery  by  two  techniques:  open  (G1)  or  videola-
paroscopic  (G2)  gastroplasty  were  studied.  After  tracheal  intubation,  adequate  ventilation  of
both hemitoraxes  was  conﬁrmed  by  lung  auscultation.  The  distance  orotracheal  tube--carina
was estimated  with  the  use  of  a  ﬁber  bronchoscope  before  and  after  installation  of  orthostatic
retractors  in  G1  or  before  and  after  insufﬂation  of  pneumoperitoneum  in  patients  in  G2.
Results: G1  was  composed  of  22  and  G2  of  38  patients.  No  cases  of  endobronchial  intubation
were detected  in  either  group.  The  mean  orotracheal  tube--carina  distance  variation  was  esti-
mated in  −0.03  cm  (95%  CI  0.06  to  −0.13)  in  the  group  of  patients  undergoing  open  gastroplasty
and in  −0.42  cm  (95%  CI  −0.56  to  −1.4)  in  the  group  of  patients  undergoing  videolaparoscopic
gastroplasty.  The  extremes  of  variation  in  each  group  were:  0.5  cm  to  −1.6  cm  in  patients  under-
going open  surgery  and  0.1  cm  to  −2.2  cm  in  patients  undergoing  videolaparoscopic  surgery.
Conclusions:  There  was  no  signiﬁcant  change  in  orotracheal  tube--CA  distance  after  placement
of orthostatic  retractors  in  patients  undergoing  open  gastroplasty.  There  was  a  reduction  in
orotracheal  tube--CA  distance  after  insufﬂation  of  pneumoperitoneum  in  patients  undergoing
videolaparoscopic  gastroplasty.  We  recommend  attention  to  lung  auscultation  and  to  signals
of ventilation  monitoring  and  reevaluation  of  orotracheal  tube  placement  after  peritoneal
insufﬂation.
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Mudanc¸as  da  distância  entre  a  carina  e  o  tubo  orotraqueal  durante  cirurgia  bariátrica
aberta  ou  laparoscópica
Resumo
Objetivo:  Analisar  se  há  mudanc¸as  na  distância  entre  o  tubo  orotraqueal  (TOT)  e  a  carina
(CA)induzidas  pelo  afastador  ortostático  ou  pelo  pneumoperitônio  em  pacientes  obesos  sub-
metidos a  gastroplastia.
Métodos:  foram  estudados  60  pacientes  submetidos  à  cirurgia  bariátrica  por  duas  técnicas:
aberta (G1)  ou  videolaparoscópica  (G2).  Após  a  intubac¸ão  orotraqueal,  a  ventilac¸ão  adequada
de ambos  os  hemitórax  foi  conﬁrmada  por  meio  da  ausculta  pulmonar.  A  distância  TOT-CAfoi  esti-
mada com  o  uso  de  um  ﬁbrobroncoscópio  antes  e  após  a  instalac¸ão  dos  afastadores  ortostáticos
no G1  ou  antes  e  após  a  insuﬂac¸ão  do  pneumoperitônio  nos  pacientes  no  G2.
Resultados:  Integraram  o  G1  22  pacientes  e  38  o  G2.  Não  houve  casos  de  intubac¸ão  endo-
brônquica em  nenhum  dos  grupos.  A  média  de  variac¸ão  da  distância  TOT-CA  foi  -0,03  cm  (95%
IC 0,06a  −0,13)  no  grupo  dos  pacientes  submetidos  à  gastroplastia  aberta  e  −0,42  cm  (95%
IC −0,56  a  −1,4)  no  grupo  dos  pacientes  submetidos  à  gastroplastia  videolaparoscópica.  Os
extremos  devariac¸ão  em  cada  grupo  foram:  0,5  cm  a  −1,6  cm  no  dos  pacientes  submetidos  à
cirurgia abertae  0,1  cm  a  −2,2  cm  no  dos  pacientes  submetidos  à  cirurgia  videolaparoscópica.
Conclusões:  Não  houve  alterac¸ão  signiﬁcativa  na  distância  TOT-CA  após  instalac¸ão  dos  afasta-
dores ortostáticos  nos  pacientes  submetidos  à  gastroplastia  aberta.  Houve  reduc¸ão  na  distância
TOT-CA após  a  insuﬂac¸ão  do  pneumoperitônio  nos  pacientes  submetidos  à  gastroplastia  videola-
paroscópica.  Sugerimos  atenc¸ão  à  ausculta  pulmonar  e  aos  sinais  de  monitorac¸ão  da  ventilac¸ão
e reavaliac¸ão  do  posicionamento  do  TOT  após  insuﬂac¸ão  peritoneal.
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ntroduction
fter  intubation,  the  advancement  of  the  orotracheal  tube
OTT)  beyond  the  carina  results  in  ventilation  of  only  one  of
he  lungs.  This  condition,  known  as  endobronchial  intubation
r  selective  intubation,  can  cause  hypoxemia,  hypercap-
ia  or  excessive  intrapulmonary  pressure  and  potentially
ause  secondary  damage,  such  as  brain  injury  or  tracheo-
ronchial  rupture,  especially  in  the  presence  of  other
omorbidities,  such  as  pneumothorax,  shock  or  trauma.1,2
ndobronchial  intubation  is  the  most  common  cause  of  arte-
ial  desaturation.3 The  chest  ﬁve-point  auscultation  has
een  the  traditional  method  of  conﬁrming  OTT  position.4
A  method  developed  for  the  study  of  the  tracheo-
ronchial  tree  is  ﬁberoptic  bronchoscopy.  It  is  considered
 rapid,  safe,  and  cost-effective  diagnostic  method.5 As  a
onﬁrmatory  method  for  OTT  position,  the  procedure  is  con-
ucted  through  OTT,  and  the  direct  visualization  of  carina
an  detect  an  incorrect  positioning  of  the  tube.6
The  aim  of  this  study  was  to  examine  whether  there
re  changes  in  the  distance  between  OTT  and  carina
OTT--CA)  induced  by  the  orthostatic  retractor  or  by
neumoperitoneum  in  obese  patients  undergoing  open  or
ideolaparoscopic  gastroplasty,  respectively.
ethod
fter  approval  of  the  protocol  by  the  Ethics  and  Human
esearch  Committee  (00232.1208-11)  and  after  the  sig-
ature  of  informed  consent,  patients  of  both  genders
etween  18  and  60  years,  ASA  physical  status  I,  II  or  III
nd  body  mass  index  greater  than  35  kg  m−2 who  underwent
ariatric  surgery  under  general  anesthesia  were  included.
b
a
t
b Anestesiologia.  Publicado  por  Elsevier  Editora  Ltda.  Todos  os
he  sample  consisted  of  patients  undergoing  open  gastro-
lasty  in  a  university  hospital  and  of  patients  undergoing
ideolaparoscopic  gastroplasty  in  a  private  institution,
ccording  to  the  routine  surgical  techniques  in  the  respec-
ive  institutions.  Pregnant  or  lactating  women,  patients  with
racheobronchial  deformity,  patients  with  impaired  preop-
rative  lung  auscultation  and  patients  with  a history  of
ypersensitivity  to  the  drugs  as  per  protocol  were  excluded
rom  the  study.
Patients  did  not  receive  premedication.  All  were  pos-
tioned  with  pillows  in  the  chest,  neck  and  head  to  align  the
ternal  notch  and  the  external  auditory  meatus.7 Monitoring
ith  pulse  oximetry,  noninvasive  blood  pressure,  capnog-
aphy  and  cardioscopy  were  used.  All  patients  received
00%  oxygen  by  face  mask  for  3  min.  Induction  of  anesthe-
ia  consisted  of  remifentanil  0.3  g  kg−1 min−1 (according
o  ideal  weight)  and  propofol  2  mg  kg−1 (according  to  the
ctual  weight).  After  loss  of  consciousness,  succinylcholine
as  administered  at  a  dose  of  1  mg  kg−1 (according  to  the
ctual  weight).
After  1  min,  we  proceeded  to  the  orotracheal  intubation
ith  a  tube  of  7.5  mm  in  female  patients  and  8.5  mm  in  male
atients.  For  conﬁrmation  of  tracheal  intubation,  capnogra-
hy  was  used.  The  patient  was  mechanically  ventilated  with
ositive  pressure  ventilation  and  volume-controlled  posi-
ive  end  expiratory  pressure  (PEEP)  of  5  cm  H2O  to  maintain
tCO2 between  30  and  35  mmHg.  At  this  moment,  ausculta-
ion  was  used  in  both  anterior  hemithoraxes.  If  the  breath
ounds  were  diminished  or  abolished  on  one  side,  we  could
uppose  a  diagnosis  of  selective  intubation.  The  tube  would
e  repositioned,  if  necessary,  until  the  presence  of  normal
uscultation  in  both  hemithoraxes.  Subsequently,  a  ﬁberop-
ic  bronchoscopy  was  performed,  with  a  ﬂexible  pediatric
ronchoscope  of  3.6  mm  (Storz,  Germany)  lubricated  with
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TFigure  1  Bronchoscope  positioned  adjacent  to  the  tracheal
carina.
lidocaine  hydrochloride  2%  gel  by  an  anesthesiologist  with
more  than  two  years  of  experience  with  the  procedure.
We  used  one  valve  connector,  allowing  that  the  ﬁberop-
tic  bronchoscopy  was  done  without  interrupting  patient’s
ventilation.
The  correct  position  of  the  tube  was  conﬁrmed  by  visu-
alization  of  the  tracheal  carina  and  the  introduction  of
ﬁber  bronchoscope  in  both  main  bronchi.  The  upper  lobe
bronchus  oriﬁce  of  the  right  lung  after  the  tracheal  carina
bifurcation  was  used  as  the  primary  anatomic  repair.  The  dis-
tance  from  the  tip  of  the  endotracheal  tube  to  the  tracheal
carina  was  estimated  as  follows:  the  ﬁber  bronchoscope  was
placed  on  the  carina  (Fig.  1)  and  was  marked  with  a  strip  of
adhesive  tape  in  the  proximal  portion  near  the  proximal  end
of  OTT.  Then,  the  bronchoscope  was  pulled  until  the  distal
tip  of  OTT  was  visualized  and  the  ﬁberscope  was  marked
by  the  same  method  (Fig.  2).  The  OTT--CA  distance  was
estimated  as  the  distance  between  the  two  tapes  (Fig.  3).
The  lung  auscultation  and  the  estimated  OTT--CA  dis-
tance  were  repeated  after  the  installation  of  orthostatic
retractors  in  G1  patients  or  after  pneumoperitoneum  insuf-
ﬂation  in  G2  patients.
The  sample  size  was  estimated  to  be  of  at  least  22
patients  for  each  group,  the  number  required  for  a  alpha
error  of  5%  and  a  beta  error  of  20%,  according  to  an  ear-
lier  study  that  found  an  OTT  drive  of  0.7  ±  1.4  cm  after
insufﬂation  of  pneumoperitoneum  and  aiming  to  detect  a
reduction  of  1  cm  in  OTT-CA  distance.8 The  data  were  stored
in  a  database  in  Microsoft  Ofﬁce  Excel  v.  7.0  (Microsoft,  Seat-
tle).  Subsequently,  the  analyses  were  performed  using  IBM
SPSS  Statistics  v.  17.0  software.  Statistical  signiﬁcance  was
considered  at  p  <  0.05.
Figure  2  Endoscopic  view  of  the  distal  end  of  the  orotracheal
tube into  the  trachea.
g
u
p
u
a
o
g
d
r
t
a
u
o
g
0
sigure  3  Estimated  distance  between  the  orotracheal  tube
nd the  carina.
Data  are  shown  as  mean  (standard  deviation)  or  abso-
ute  frequency  (relative  frequency  or  percentage).  To  verify
he  association  among  qualitative  variables  between  groups,
he  Fischer  t  test  was  used.  To  analyze  the  difference  of
uantitative  variables  by  groups,  Student’s  t test  was  per-
ormed.  To  study  the  difference  between  OTT--CA  distance
easurements  before  and  after  orthostatic  retractors  or
neumoperitoneum,  the  t  test  for  paired  measurements  and
land--Altman  analysis  were  used.
esults
f  the  60  enrolled  patients,  38  underwent  open  gastroplasty
nd  22  underwent  videolaparoscopic  bariatric  gastroplasty.
o  patient  was  excluded  from  analysis  for  orotracheal
ntubation  (OTI)  or  ﬁberoptic  bronchoscopy  failure.  The
emographic  characteristics  of  the  sample  are  shown  in
able  1. Signiﬁcant  differences  were  observed  between
roups  in  BMI  and  gender  variables.  The  group  of  patients
ndergoing  open  surgery  had  higher  mean  BMI  and  a  higher
roportion  of  women  in  relation  to  the  group  of  patients
ndergoing  videolaparoscopic  surgery,  with  a trend  to  older
ge.
In  this  study,  no  changes  in  lung  auscultation  or  cases
f  selective  intubation  were  observed  at  any  time  in  both
roups.
Table  2  shows  data  concerning  measurements  of  OTT--CA
istance  shortly  after  OTI  and  after  placement  of  orthostatic
etractors  or  pneumoperitoneum  insufﬂation.
The  mean  change  was  −0.03  (95%  CI,  −0.13  to  0.06)  in
he  group  of  patients  undergoing  open  bariatric  gastroplasty
nd  −0.42  (95%  CI,  −0.56  to  −1.4)  in  the  group  of  patients
ndergoing  videolaparoscopic  gastroplasty.  The  extremes
f  variation  in  each  group  were  −1.6  cm  to  0.5  cm  in  the
roup  of  patients  undergoing  open  surgery  and  −2.2  cm  to
.1  cm  in  the  group  of  patients  undergoing  videolaparo-
copic  surgery.  In  Fig.  4,  in  the  Bland--Altman  analysis,  the
356  G.  de  Figueiredo  Locks  et  al.
Table  1  Demographic  characteristics  of  patients  in  both  groups.
Open  surgery  (n  =  38)  Videolaparoscopic  surgery  (n  =  22)  p-Value
Age  (years)  35  ±  9.8  31.41  ±  5.9  0.12
Gender (M/Fa)  6  (16%)/32  (84%)  8  (36%)/14  (64%)  0.001
BMIb (kg  m−1)  46.9  ±  6.1  38.7  ±  4.7  <0.0001
a M/F, male/female.
b BMI, Body Mass Index.
Table  2  Distance  between  the  orotracheal  tube  and  the  carina  in  both  groups  immediately  after  intubation  and  after  placement
of orthostatic  retractors  or  insufﬂation  of  pneumoperitoneum.
After  intubation  After  retractor/pneumoperitonium  p-Value
Open  surgery  (n  =  38)  3.3  ±  1.3  3.2  ±  1.3  0.37
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ariations  of  OTT--CA  distance  after  placement  of  ortho-
tatic  retractors  and  peritoneal  insufﬂation,  respectively,
re  arranged.
iscussion
n  this  study,  the  most  striking  ﬁnding  is  the  signiﬁcantly
reater  reduction  in  the  distance  between  the  tip  of  OTT
nd  the  carina  after  insufﬂation  of  pneumoperitoneum  in
ideolaparoscopic  gastroplasty,  when  compared  to  open  gas-
roplasty.  As  a  consequence,  one  can  speculate  that  there
s  a  higher  risk  of  endobronchial  intubation  in  the  transop-
ratory  phase  of  a  videolaparoscopic  surgery  compared  to
atients  undergoing  open  surgery.
Endobronchial  intubation  is  an  important  problem  in
naesthesiology  and  is  closely  associated  with  increases
n  morbidity.1--3 This  condition  is  the  fourth  most  com-
on  incident  of  general  anesthesia  and  the  most  common
ncident  involving  OTT.3 Among  the  more  severe  conse-
uences,  hypoxemia,  atelectasis  of  the  non-ventilated  lung
nd  hyperinﬂation  of  the  ventilated  lung  with  the  possibility
f  pneumothorax  are  observed;3 tracheobronchial  ruptures,
nilateral  lung  edema  and  hemodynamic  changes  followed
y  brain  damage  and  death  have  also  been  described.1,2
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Although  lung  auscultation  is  the  main  clinical  criterion
or  the  diagnosis  of  endobronchial  intubation,  studies  have
uggested  certain  inaccuracy  of  the  method.6,8--11 OTT  shifts
ithout  changes  in  the  pattern  of  lung  auscultation  were
bserved  in  patients  whose  tip  of  the  tube  exceeded  the
arina  up  to  3.2  cm.9 When  compared  to  other  diagnos-
ic  method,  bilateral  auscultation  of  the  chest  was  able  to
etect  only  two  cases  of  selective  intubation  in  patients
ndergoing  videolaparoscopic  cholecystectomy  among  eight
ases  conﬁrmed  by  chest  radiography.11 The  low  sensitiv-
ty  of  lung  auscultation  can  be  explained  by  the  thoracic
ransmission  of  lung  sounds  when  they  become  of  a  more
ronchial  quality  during  mechanical  ventilation  --  a  situa-
ion  that  may  be  exacerbated  in  the  presence  of  anatomical
bnormalities  of  the  chest,  such  as  large  breasts,  obesity
nd  piriform  chest.3
Signs  of  selective  intubation  include  changes  in  peak
nspiratory  pressure,  arterial  desaturation  and  changes  in
oncentrations  of  carbon  dioxide  in  capnography.3,6,12 These
hanges,  however,  are  considered  nonspeciﬁc  and  their  ﬁrst
anifestations  may  be  subtle,  not  causing  alarm.3,13 Only
1.5%  of  cases  of  selective  intubation  presented  capno-
raphic  changes,  without  concomitant  recording  of  changes
n  peak  inspiratory  pressure.  The  uncertainty  of  the  symme-
ry  of  lung  auscultation,  the  presumption  of  the  possibility  of
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any  device  or  instrument  failure  and  the  desire  not  to  inter-
rupt  the  surgery,  as  well  as  the  difﬁculty  of  access  to  the
thoracic  region  during  surgery,  contribute  to  a  late  diagnosis
of  the  complication.3
During  the  transoperatory,  the  migration  of  OTT  may
occur  after  its  correct  placement  at  the  beginning  of  anes-
thesia,  resulting  from  changes  in  the  tilting  of  the  operating
table,  peritoneal  insufﬂation,  ﬂexion  of  the  head  and  neck  of
the  patient  or  repositioning  in  general.  Neurological,  gyne-
cological  and  videolaparoscopic  surgeries  have  higher  rates
of  endobronchial  intubation,  and  a  third  of  cases  are  associ-
ated  with  surgeries  involving  the  head  and  neck  segment.3
The  high  incidence  of  selective  intubation  in  neuro-
surgery  is  mainly  related  to  the  prone  position  and/or
movement  of  the  head  and  neck  of  the  patient  by  the
surgeon  during  surgery.  On  the  other  hand,  gynecological
videolaparoscopic  surgeries  have  signiﬁcant  association  with
endobronchial  intubation  as  a  result  of  the  pneumoperi-
toneum  insufﬂation  with  the  patient  in  head-down  position.
In  these  surgeries,  a  mean  reduction  of  1.6  cm  of  dis-
tance  between  OTT  tip  and  the  carina  after  installation  of
the  pneumoperitoneum  (from  2.1  ±  0.8  cm  to  0.54  ±  1.4  cm)
was  reported,  with  eight  cases  of  selective  intubation  in  a
sample  of  30  patients  undergoing  videolaparoscopic  gynae-
cologic  surgery.14 In  the  same  line,  in  a  study  that  examined
chest  radiographs  before  and  after  peritoneal  insufﬂation  at
10  mmHg,  cephalic  drives  of  OTT  of  1.1  ±  0.4  cm  as  a  result
of  increased  intra-abdominal  pressure  were  measured.15
In  our  study,  the  use  of  pneumoperitoneum  in  obese
patients  undergoing  videolaparoscopic  gastroplasty  was
responsible  for  an  OTT  drive  of  −0.42  ±  0.5  cm  in  relation
to  the  carina,  with  an  extreme  reduction  of  more  than
2  cm.  Besides  the  risk  of  selective  intubation,  pneumoperi-
toneum  causes  other  important  consequences  on  pulmonary
function.  Cephalic  migration  of  the  diaphragm  is  associ-
ated  with  both  decreased  functional  residual  capacity  and
the  increased  volume  of  closure  of  the  small  airways,
which  leads  to  a  disturbance  of  ventilation/perfusion  and
to  an  increase  of  intrapulmonary  shunt.  Furthermore,  ven-
tilatory  mechanisms  are  altered  in  view  of  the  decrease
in  lung  compliance,  with  consequent  increase  in  airway
resistance.16,17 Obese  patients  during  anesthesia  consti-
tute  a  risk  group,  since  these  people  already  have  a
reduced  functional  residual  capacity,  with  airway  closure
and  disturbance  of  ventilation/perfusion  during  normal  tidal
ventilation.7,18,19 This  situation  is  further  aggravated  in  the
presence  of  comorbidities  associated  with  low  pulmonary
reserves  or  heart  disease.18
Studies  report  that  the  tip  of  OTT  come  close  to  the
carina  after  installation  of  the  pneumoperitoneum,  with  a
signiﬁcant  risk  of  causing  endobronchial  intubation.8,14,20--22
Our  results  are  consistent  with  other  studies,  in  ﬁnd-
ing  greater  drive  of  the  tip  of  OTT  after  insufﬂation  of
pneumoperitoneum,  when  compared  to  patients  undergoing
open  surgery.  Thus,  it  appears  that  the  increase  in
intra-abdominal  pressure  is  a  major  risk  for  accidental
endobronchial  intubation  also  in  obese  patients  undergoing
videolaparoscopic  gastroplasty.In  our  study,  the  use  of  orthostatic  retractors  in  open
gastroplasty  was  not  associated  with  signiﬁcant  changes  in
the  distance  between  the  tip  of  OTT  and  the  carina.  How-
ever,  our  results  should  be  evaluated  with  caution,  since
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ideolaparoscopic  surgery  has  been  associated  with  several
eneﬁts  in  the  postoperative  period,  such  as  less  need  for
nalgesics,  better  lung  function,  better  cosmetic  results,23
ower  rate  of  perioperative  complications,24 minor  rate  of
bdominal  wall  complications  and  shorter  hospital  stay.25
dverse  effects  arising  from  the  use  of  orthostatic  retrac-
ors  are  peripheral  nerve  injury,26 lesions  of  the  colon,27 liver
njury28 and  chronic  pain.29
In  summary,  in  obese  patients  undergoing  gastroplasty,
nsufﬂation  of  the  pneumoperitoneum  in  videolaparoscopic
rocedures  provides  greater  reduction  of  the  distance
etween  the  tip  of  OTT  and  the  carina  compared  with  the
lacement  of  orthostatic  retractors  in  open  gastroplasty.
he  results  point  to  the  need  for  special  attention  to  lung
uscultation  and  to  the  signals  of  ventilation  monitoring,  as
ell  as  the  reassessment  of  OTT  position  after  peritoneal
nsufﬂation.
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